To investigate how properties will impact on by the fineness and content of low-silica iron ore tailings that used as the main raw material of autoclaved aerated concrete (AAC), testing methods such as mechanical properties testing, XRD, and FE-SEM were used in this research. Results shows that the decreased fineness of iron ore tailingsmake hydration reactions occur more quickly, with more hydration products being generated and the product's compressive strength increases. However, it may generate extra fine residues of unreacted raw materials that would be difficult to form good foam structures, so that the compressive strength decreases. A higher proportion of iron ore tailings helps increase the amount of tobermorite that turns from a needle or schistose shape to a short fibrous shape. The tobermorite then forms a network structure by interweaving with each other. In this respect, the product's compressive strength is raised. On the other hand, if there are too much content of iron ore tailings, they will loosen the integration of hydrate products and lower the bulk density. The resulted AAC shows a bulk density of 588kgm -3 and a compressive strength of 4.20MPa, which is in line with the requirement of A3.5, B06-class AAC products regulated by antoclaved aerated concrete building blocks (GB 11968-2006). The main mineral phases of the products are 0.9nm tobermorite, 1.1nm tobermorite, 1.4nm tobermorite, C-S-H hydration products, ferrotschermakite, anhydrite, calcite, dolomite and residual quartz. The resulted AAC intensity mechanism analysis shows that the strength of the product is obtained by cementing the C-S-H gel, tobermorite and unreacted compositions.
INTRODUCTION
With the rapid development of the iron and steel industries, iron ore tailings, an industrial solid waste produced from iron beneficiation, make up a growing percentage of industrial solid waste. There are over 400 large-scale tailings ponds in China, among which the amount of piled tailings from metal mines exceeds 6 billion tons. Tailings increase at an annual rate of 300 million tons, of which one third are produced from iron ores Zhang et al.,2006; Li et al.,2009) . For this reason, research on iron ore tailings, either as secondary resources or as pollution sources, has become one of the key projects in mining enterprises, high schools and research institutes. Chinese tailings are comprehensively utilized mainly as materials in valuable element extraction, constructive materials and filling materials (Kus and Carlsson, 2003; Narayanan and Ramamurthy, 2000; André et al., 1999; Matsushita et al., 2000; Kadashevich et al., 2005; Albayrak et al., 2007; Kus and Nygren, 2002; Wu and Fan, 2003; Guiand Cai, 2011) . To extract silica from iron ore tailings in preparing autoclaved aerated concrete (AAC) is an emerging application of iron ore tailings in recent years. The AAC prepared by Li et al., 2010) and so on has a compressive strength of 6.27 MPa and 62% iron ore tailings that are taken from Weike Metallurgical Mines Company in Miyun county with high silica and low iron, whose treatment process cannot meet the demand for iron ore tailings that are rich in silicate and with low silica and high iron content. Therefore there is a low efficiency in the transformation and dissemination of that achievement. This research fabricated AAC with iron ore tailings that are rich in silicate and with low silica and high iron content, undertakes research on how the degree of fineness and the content of low-silica iron ore tailings will impact on the property of AAC, and analyzes the results according to strength development mechanisms.
EXPERIMENTAL MATERIALS AND APPROACHES

Experimental materials
(1) Iron ore tailings: Typical samples are first taken randomly many times from several production lines in the ore-dressing workshops of the Haoyang Mining Co., Ltd. at Lingqiu county, Shanxi province, undergoing precipitation, stoving, blending and splitting. Then the research carries out an analysis of chemical composition (Table 1) , iron phase (Table 2 ) and mineral composition (XRD spectra, Fig. 1 ) to identify its mass fraction. From Table 1 it is seen that the major chemical compositions of the sample are SiO2, Al2O3, Fe2O3 and FeO. The sample has a high iron content, of which total iron (total iron) occupies 14.51%. The result of iron phase analysis of the samples in Table 2 shows that magnetic iron accounts for as low as a percentage of 7.37% of the tailings that include recoverable strong magnetic minerals in a limited manner and 92.63% weakly magnetic minerals. For most of the iron, it exists or is distributed in silicates with the form of polysilicate ferric.
The analysis of X-ray powder diffraction shows that the mineral compositions of iron ore tailings are quartz, plagioclase, chlorite, biotite, amphibole and dolomite. According to the material balance principle (Nima et al., 2013; Ma et al., 2005; Mirko et al., 2010) , and calculated with linear programming (Ma, 2001) , the content of each of the mineral phases is respectively: quartz 43%, hornblende 21%, grunerite 21%, plagioclase 11%, dolomite 2%, biotite 1% and chlorite 1%. The iron contents of hornblende (Al3.2, Ca3.4, Fe4.02, K0.6, Mg6, NaSi12.8, O44(OH)4), grunerite (Fe7, Si8, O22 (OH)2), and amphibole in the sample are 12.73%, 39.03%, and 10.87%, respectively. As seen in Table 2 , ferric metasilicate in iron ore tailings is 11.81%, and amphibole is the major contribution to the iron ore tailings, while the rest is in plagioclase and grunerite. The above phase analysis shows that the iron ore tailings that were used are rich in silicate and have low silica and high iron content. To reach the required SiO2 content in preparing AAC, extra silica sand with a higher SiO2 content should be added, as there is only an original content of 54.41% SiO2 in iron ore tailings.
(2) Silica sand: The research uses wind-blown sand in industrial production from the Beijing BBMG Autoclaved Aerated Concrete Co. Ltd. Its chemical composition is in Table  1 , from which it is seen that the SiO2 content of silica sand satisfies operational requirements.
(3) Lime: The research uses lime from markets, with its chemical composition in Table 1 . The fineness control of lime is 0.08mm, and the percentage of sieve residues in a square-opening sieve is less than 15%. After testing, the usable contents of CaO, MgO and SiO2 are respectively 74%, 3.59% and 5.45%. The slaking time is 13 min, and slaking temperature is 66 ºC , which remains in line with the national requirement of JC/T 621-1996Quicklime intended to be used in silicate building materials.
(4) Cement: The research uses P· O 42.5 whose chemical composition is in Table 1 . The initial and final setting times are 118 min and 390 min, respectively, both of which meet the national quality specification of P· O 42.5 of GB 175-2007 Common Portland Cement.
(5) Desulfurization Gypsum: Taken from the Beijing Jingneng Power Co, Ltd., the desulfurization gypsum has 8% sieve residues with 200 meshes. Its chemical composition is seen in Table 1 .
(6) Aluminum paste: The research uses commercial aluminum paste with 88% activated aluminum and 77% solid content. Its gas emission rate reaches 91% at the 16 th minute, and is over 99% at the 30 th minute. It has good water dispersibility with no aggregate structure. The coated surface is 5150cm 2 g -1 .
PREPARATION OF AAC
Preparation of AAC with iron ore tailings of various fineness
The quality of each of the materials is respectively: iron ore tailings 1320g, cement 220g, lime 550g, desulfurization gypsum 110g, aluminum paste 1.25g, and water 1276g. Different finenesses of iron ore tailings have their specific surface areas, which are 245m Add lime, cement, and desulfurization gypsum to each of the iron ore tailings with a different fineness, and stir them evenly. Add lukewarm water at 55º C into them and stir for another 90s. Add aluminum paste then and stir for another 40s. After casting, demoulding, and curing them in an autoclave, six samples were obtained. At a temperature of 55º C for chemical reaction and delayed curing, six samples remained in a 100mm×100mm×100mm casting mold for four hours. During the experiment, when sample molding and pre-curing are finished, the casting body is cured by saturated vapor in autoclaves, which are set to heat up for 2 hours. It then remains still at the highest pressure of 1.25MPa and a temperature of 190º C, and is cooled down for 2hours. The obtained AAC samples made from iron ore tailings with different fineness are named as F1, F2, F3, F4, F5 and F6, respectively.
Preparation of AAC with different percentages of iron ore tailings
With the above treatment process, the research prepares AAC with different percentages of iron ore tailings, namely C1, C2, C3, C4, C5, C6 and C7. Among them, the specific surface area of iron ore tailings and silica sand is 310m , respectively. Each of the content of iron ore tailings are respectively 800g, 820g, 840g, 860g, 880g, 900g, and 920g. The fixed content of silica sand, lime, cement, gypsum, aluminum paste and water is respectively 440g, 550g, 220g, 110g, 1.25g and 1276g.
AAC property characteristics
The physical properties such as bulk density and strength of the autoclaved AAC are tested according to GB/T11969-2008 Test methods of autoclaved aerated concrete. The bulk density of autoclaved AAC is measured by an NVL-1101B balance with the largest range of 1100g and a resolution of 0.1g. The strength of autoclaved AAC is tested by a YES-300 Digital Hydraulic Compression Tester with the biggest load of 300KN and a loading rate of (2.0±0.5) kN s 
RESULTS AND DISCUSSION
The Impact of iron ore tailings fineness on AAC properties
Under hydrothermal synthesis, calcareous and siliceous materials undergo a series of physical and chemical changes to turn into AAC, which is mainly composed of hydrated phases such as crystalline tobermorite and hydrated calcium silicate, both of which determine the property of AAC (Ma, 2006) . Fig. 2 shows that the AAC bulk density first decreases and then increases with the decreasing fineness of the iron ore tailings, hitting a low of 600 kgm -3 by F3 with a specific surface area of 310 m 2 kg -1
. It is because, as the fineness of the iron ore tailings declines, the fluidity of slurry in the casting mold improves and numerous fine and even foams form, lowering the bulk density. On the other hand, extra fine iron ore tailings enlarge the slurry density greatly that low fluidity may causes breakage of numerous foams during the casting process, thus leading to an improved bulk density.
AAC compressive strength also first increases and then decreases with the decreasing fineness of the iron ore tailings, peaking at a value of 2.41 MPa by F3 with a specific surface area of 310 m 2 kg -1
. The finer the iron ore tailings, the larger the surface the reacting particles will be. This broadens the contact area between Ca(OH)2 and soluble matters on the surface of the iron ore tailings, improving their reaction speed and generating more hydration production. In this way, the AAC compressive strength increases. On the other hand, extra fineness (below dozens of microns) causes unreacted residues too small that a good foam structure fails to form and the compressive strength decreases. As shown in Fig. 3 , the main mineral phases of cured AAC are quartz, ferro-tschermakite, hornblende, grunerite, plagioclase, anhydrite, biotite and hydration products including 0.9 nm tobermorite (Ca5Si6O18H2), 1.1nm tobermorite (Ca5Si6O17· 5H2O), and 1.4nm tobermorite (Ca5Si6O18H2· 8H2O). The differing finenesses of the iron ore tailings produce different formations and shapes of hydration production of the ACC, within foams, and on the cross section. Most hydration productions are tobermorite and C-S-H gels. During the autoclave process, the continuous SiO2 emission from siliceous tailings reacts to lime and other calcareous materials to generate tobermorites with differing hydrogen and oxygen content. Such diversity is possibly due to different compositions (water content included) and unevenness of particles of the AAC (Maeshima et al., 2003) . The production of low crystallinity and non-crystalline C-S-H gels causes a broad range of diffraction peaks from 26° to 34° (Bensted and Barnes, 2001 ). In the inner wall of foams, hydration products of F1 are C-S-H gels and a long and thin tobermorite with a width of 2-3 μm behind the gels. On the cross section, hydration products of F1, F3, and F6 (Fig.  4b , f, 1) contain low crystallinity and non-crystalline C-S-H gels, tobermorite and a small amount of tailings particles (Fig. 4b, 1 ), coming as a result of incomplete hydrated reactions between F1 and F6. There are massive generated tobermorites with a length of about 2-3μm in F3 (Fig. 4f) .
Therefore, if the ACC becomes finer, the SiO2 in tailings will expand or dissolve faster, thus it is easier for tobermorite to crystallize. Under an autoclave environment, C-S-H gels will help the transformation of tobermorite better. Crystalline tobermorite interconnects with each other into a compact network structure, changing the foam structure of the production, which resists outer stress better and thus has improved strength (Bonaccorsi et al., 2005; Whang et al. 2012; Oh et al., 2012; Huang et al., 2012) . However, there will be more water needed for materials of this product if the fineness is so low that unreacted residues are too small and go against the dissolution or diffusion of SiO2 in the Ca(OH)2 alkaline solution. In this way, the morphology of crystalline tobermorite is poor in reducing the compressive strength of the product. (1-Quartz, 2-Ferrotschermakite, 3-Anhydrite, 4-Calcite, 5-0.9nm tobermorite, 6-1.1nm tobermorite, 7-1.4nm tobermorite) Figure 7 . SEM images of the hydration products for AAC of different content iron ore tailings, The hydration products in the stomata for C1(a), C2(c), C3(e), C4(g), C5(i), C6(k) and C7(m); The hydration products of cross-section for C1(b), C2(d), C3(f), C4(h), C5(j), C6(l) and C7(n) Fig. 5 shows that when the amount of iron ore tailings increases, the bulk density and strength of the AAC improve. Merely a small amount of iron ore tailings cannot fully fill in the gaps between hydrated products. The bulk density of the product becomes higher with increasing iron ore tailings, and reaches its maximum in C7 products when there are 920g iron ore tailings. The main mineral phase of autoclaved curing products are hydrated products, including 0.9nm tobermorite (Ca5Si6O18H2), 1.1nm tobermorite (Ca5Si6O17· 5H2O), and 1.4nm tobermorite (Ca5Si6O18H2· 8H2O), quartz, ferro-tschermakite, anhydrite and calcite (Fig. 6) . Due to the increasing amount of iron ore tailings, tobermorite in the inner walls of foams increases, turning from needle shapes (Fig. 7a  and 7c ) into short fibrous shape (Fig. 7i) . They then cross with each other to create a good network structure, so that the compressive strength of the products increases. But the shape of the tobermorite will possibly change back to a needle shape if there are too many iron ore tailings. Under this circumstance, hydrated products will become loose, so that bulk density is reduced. Most of the hydrated products in the cross section are low crystallinity and noncrystalline C-S-H gels, which glues to fibrous or schistose tobermorite so that the amount of tobermorite with a good crystallite shape is reduced (Fig. 7b, d and n) and the compressive strength of the product is also reduced. At the same time, the tailings particles will gradually escape from the coverage of decreasing tobermorite because of the extra high amount of iron ore tailings. Thus the network structure loosens and the compressive strength is reduced. The fluidity of slurry is then lowered, and there is uneven foam structure in the casting body. The swelling height of the body is too low, and tiny cracks even emerge along the vertical path of gas emission of A7 with 920g tailings. The bulk density and compressive strength of C5 with 880g tailings is 588kgm -3 and 4.20 MPa, respectively.
The Impact of iron ore tailings doping amount on AAC properties
Mechanism analysis of the AAC strength
AAC that includes iron ore tailings, silica sand, cement and lime has a similar reaction to other types of AAC, covering the delaying curing stage and autoclaving curing stage with a high temperature and high voltage.
At the delaying curing stage, casting slurry and cements in the casting body go through hydration reactions, where the quicklime slakes and the reactants include low crystallinity and non-crystalline C-S-H gels, Ca(OH)2, and a small amount of calcium sulpho-aluminate. Under hot alkali-activated conditions, some SiO2 in iron ore tailings and silica sands begins to take on chemical activity to react to Ca(OH)2, which is produced by quicklime slaking, and produce C-S-H gels. In this way, the initial strength is obtained by the body of production so that it can more easily be moved elsewhere or dissected.
At the autoclaving curing stage, with the increasing temperature, more SiO2 in iron ore tailings and silica sands accelerates to dissolve, and reacts to Ca(OH)2 to produce C-S-H gels. Meanwhile, the double alkali silicate in the cement reacts to SiO2 to reproduce tobermorite and C-S-H gels. Under the autoclaved environment with a high temperature and high pressure, active cation reacts to OH -ion, during which the bonds in Si-O and Al-O are broken. Then the SiO2 and Al2O3 become positive, react to Ca(OH)2 and produce hydrated products, thus forming a supersaturated solution. By maintaining enough autoclaved curing time, the experiment generates hydrated products that also nucleate into cores and cross into the network until gels appear. Since some minerals in iron ore tailings and silica sand all participate in the formation reaction of hydrated reactions, more C-S-H gels and tobermorite form and closely cover the surface of the rough iron ore tailings particles, making it stronger. From the combination of the above mechanism analysis, it can be seen that the strength of the AAC is obtained from the cemented combination of unreacted materials and tobermorite and C-S-H gels that are formed by the reaction between the positive components, namely SiO2 and Al2O3, and lime, cement, and other materials.
CONCLUSION
(1) Qualified A3.5, B06 AAC that is consistent with national standards can be obtained if the main siliceous material comes from iron ore tailings that are rich in silicate and with low silica and high iron.
(2) As the fineness of iron ore tailings decreases, the bulk density and compressive strength of the AAC increases. However, extra fineness may weaken those properties.
With the decreasing fineness of iron ore tailings, the specific contact surface area between tailings and water increases, which adds SiO2 solubility, makes it easier for tobermorite to crystallize and thus strengthens the products. However, extra fineness may cause the size of unreacted residues to become too small, where tobermorite crystallizes badly, failing to provide a good structure for products. Thus the bulk density increases and the compressive strength decreases.
(3) The higher the amount of iron ore tailings, the higher the bulk density and compressive strength of AAC will be. The increasing amount of iron ore tailings raises the solubility of SiO2 in alkaline conditions. The hydrated reaction is more sufficient, with a better formation of tobermorite and closer combination of network structure. Thus the compressive strength increases. But the extra amount will worsen the crystalline state of tobermorite and loosen the network structure of hydrated products, and thus the compressive strength of the product also decreases.
(4) The strength of AAC is obtained from the cemented combination of the unreacted materials and tobermorite and C-S-H gels that are formed by the reaction between the positive components, namely SiO2 and Al2O3, and lime, cement, and other materials.
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